SUMMARY
asymptomatic, but the high reported incidence of sudden death3-5 has prompted consideration of several techniques for surgical treatment. 6 The demonstrated retrograde blood flow in the anomalous vessel has suggested that ligation at its origin from the pulmonary artery would be beneficial7-9 and this has been the procedure used in most cases in which surgery has been performed. Anastomosis of the anomalous vessel to the aorta has been successfully accomplished in two cases reported by Cooley and co-workers.6 Although ligation is logical therapy, follow-up has been too brief to assess its effect on the incidence of sudden death. If symptoms were present, they usually resolved postoperatively, a striking example of this being reported by Baue and associates. 10 The electrocardiogram has usually been unchanged after operation, but two reports"1 12 have described further abnormalities after surgery.
Two cases of this anomaly in young adults have been diagnosed at this institution, and the abnormal vessel has been interrupted by use of a new surgical approach. The exercise electrocardiogram before and after surgery was used to demonstrate the beneficial effect of ligation on myocardial ischemia. Case 1 C. S., a 15-year-old white male, was referred in November 1966, because of a heart murmur discovered on routine examination. He was completely asymptomatic and participated in vigorous physical exercise without difficulty. His infancy was normal, and there was no family history of heart disease. He presented as a healthy, welldeveloped 15-year-old male. The blood pressure was 120/50 mm Hg and the pulse was 80 per minute. The lungs were clear. The jugular venous pulse was normal and the carotid pulse was quick rising and of normal amplitude. A mild left ventricular heave was present in the fifth intercostal space at the midelavicular line. The first and second heart sounds were normal. A grade III/VI, harsh systolic ejection murmur was heard from the aortic area to the apex, and a grade II/VI, diastolic blowing murmur, along the right and left sternal borders. The murmurs were continuous in the pulmonic area. On the remainder of the examination findings were normal. Blood and urine were normal on routine examinations, as were chest roentgenograms. The ECG showed Q waves in leads I and aVL and voltage criteria for left ventricular hypertrophy ( fig. 1 ). An ECG exercise test showed marked ischemic S-T depression ( fig. 2 ), although the patient had no symptoms during the test. Cardiac catheterization demonstrated a small increase in oxygen saturation of the pulmonary arterial blood but otherwise disclosed normal conditions (table 1) . Supravalvular aortic angiography showed a large right coronary artery filling sequentially multiple Patient C.S., ECG exercise tests. Marked ischemic S-T depression occurs immediately after exercise before, and 1 month after, surgery. Four months after surgery only J point depression is present.
Report of Cases
collateral vessels, the left coronary artery, and finally the pulmonary artery ( fig. 3 ). On July 7, 1967 , surgery was performed through a median sternotomy, using standard cardiopulmonary bypass techniques. The The postoperative course was uneventful, without significant enzyme changes, and the patient was discharged on the seventh postoperative day.
Postoperatively the heart sounds were normal and no significant murmurs were noted. The patient remained asymptomatic with excellent exercise tolerance as before surgery. ECG exercise tests were performed 1 and 4 months postoperatively at a slightly higher exercise level than before surgery ( fig. 2 ). Case 2 S. S., a 27-year-old white woman, was referred for evaluation of a heart murmur in February Physical examination showed a well-developed, healthy-appearing young woman with blood pressure of 110/60 mm Hg and pulse rate of 76 per minute. The lungs were clear. The jugular venous pulse showed a prominent a wave with normal pressure, and the carotid pulse was quick rising. A mild left ventricular heave was felt 2 cm lateral to the midclavicular line in the fourth intercostal space. A systolic thrill was present from the lower left sternal border to the apex. The first heart sound was slightly increased at the apex. The second heart sound was slightly increased along the left sternal border 7) . The aorta was cross-clamped for 12 minutes during this portion of the procedure to control retrograde flow through the anomalous vessel.
Again, following closure, pressure within the left coronary artery increased remarkably and there were no residual thrills.
The postoperative course was uncomplicated, and the patient was discharged on the ninth postoperative day.
One month after operation, the patient was asymptomatic. Findings cn examination were normal, except for a grade II/VI, scratchy, probably extra-cardiac systolic murmur localized to the base. A repeat ECG exercise test at an identical exercise level showed no definite evidence for ischemia ( fig. 4) . Discussion
Gouley'3 and later Agustsson and associates2 emphasized two different modes of presentation of anomalous origin of the left coronary artery from the pulmonary artery which they designated as "infantile" and "adult" types. "Postinfantile" is a more appropriate designation than "adult," as nearly all patients over 2 years of age have the clinical presentation described for the "adult" type. The infantile condition is characterized by episodes of crying and pallor, gross cardiomegaly, congestive heart failure, and myocardial infarction, with death before age 1 year.14 Mitral insufficiency is a common associated lesion, 15 tive of aortic insufficiency, patent ductus arteriosus, or ventricular septal defect. The ECG usually shows a leftward axis, prominent Q waves in leads I and aVL, abnormal T waves, and voltage criteria for left ventricular hypertrophy which may be most prominent in the limb leads. Cardiac catheterization has shown no abnormality or a small increase in oxygen saturation in the pulmonary artery. The diagnosis is made by angiography. Although a compatible murmur is present in half the cases, significant mitral insufficiency is uncommon. It has, however, been reported as the dominant clinical feature in three patients.3' 17 With antemortem diagnosis being possible, a third category of patients has become apparent; that is, an infant with congestive heart failure survives and improves, and by the age of 3 or 4 years is Figure 7 Line drawing from surgical photographs in case 2, demonstrating surgical approach to closure of the ostium of the anomalous left coronary artery through a pulmonary arteriotomy. asymptomatic or nearly so. 4, 6, 15, 16, 18 This group has led Edwards'9 to emphasize that the condition is a continuum from inadequate to adequate intercoronary collaterals, and to favor abandonment of the concept of types. We feel that there is indeed a continuum, but that the concept of infantile and postinfantile types is useful both prognostically and therapeutically. To Brooks25 reported the first cases of this anomaly in 1886. From the autopsy finding of a veinlike left coronary artery and his knowledge of the relative pressures in the aorta and pulmonary artery, he concluded that the left coronary flow was retrograde. This opinion was overlooked, and in subsequent reports the myocardial abnormalities were ascribed to perfusion of the left coronary Circulation, Volume XXXVIII, July 1968 system with venous blood. Case We feel that the ECG exercise response gives substantial evidence that ligation of the anomalous artery at its origin in the postinfantile patient is beneficial and can be expected to reduce the incidence of exerciseinduced sudden death. The explanation for the delayed reversal of exercise ischemia in case 1 is not clear, but it is possible that the capillary bed of the left coronary artery is underdeveloped because of the low pressure in that system, and that its expansion may require a period of weeks or months after the pressure is increased. The absence of angina in these patients, in the presence of clearcut electrocardiographic evidence of myocardial ischemia, is a curious and unexplained feature. Theories on the mechanism of anginal pain production should undertake to explain this.
